Occupational accidents in the construction sector are analyzed in this study of the relation between the age of the injured worker, days off work due to the injury, and accident severity. A further aim is to establish whether accumulated fatigue during the working day and throughout the week has a similar effect on all workers, regardless of age. A total of three million four hundred and thirtyeight thousand, one hundred and forty-five (3,438,145) accidents are analyzed in this study; the total of all accidents are notified in Spain by workers from the sector over the period 1996-2015. The results confirmed a direct link between worker age and both days off work due to the injury and accident severity. They also confirmed that the workers injured in accidents in the afternoon hours were older than the workers injured in the morning hours. In consequence, the average number of days off work due to injury following an accident of the older workers was also larger and the accidents are more severe. Likewise, the workers injured on a Friday were of an older average age than those injured on a Monday. In consequence, the average number of days off work due to injury on the last day of the week was also higher and the accidents were of more severity. All the above-mentioned differences were statistically significant.
Introduction
Over recent years, it is becoming evident that the average age of the workforce in a large part of the European Union is increasing, due to population aging and the prolongation of the active working life of people. In fact, while the average working age was 30 years in 1980, it rose to 41 years in 2013 [1] , and it is expected that workers of 55 to 64 years old will represent 30% or more of the active population in many countries [2] . Studies on the subject in the USA inform us that the advanced age of the workforce in the construction industry has no influence on the number of injuries; however, age is related to a higher cost of injuries. That higher cost is probably due, in part, to the severity of the injuries inflicted on older workers [3] .
Different authors have investigated age as a risk factor in accident rates, arriving at different conclusions by country and by activity. In fact, Salminen [4] classified the results of an international review of articles in accordance with whether younger workers suffered more injuries than older workers. It was verified from the results of a review of 63 papers on nonfatal accidents that higher incidence rates were associated with young people in 56% of the papers; no differences were found in 27%, and it was considered lower in 17%. Severity was also analyzed in a review of 45 papers on fatal accidents; to conclude that the ratio of young people was considered higher in 16%, no differences were noted in 20%, and it was considered very low in 64%.
Other studies have analyzed the incidence of age on both fatal and nonfatal falls. Thus, in a study on accident rates in the USA due to falls to the same level, over the period 2006-2010, it was concluded that the accident rate ratio increased as the age of the worker advanced. In 2010, the ratio of falls to the same level of workers aged 20-24 years was in fact 10.7, while workers older than 65 registered 34.6 of falls. However, the youngest registered 16.2 of falls. In addition, those falls recorded a very high number of days off, because over 29% of falls caused 31 or more days off work [5] .
Some authors have sought to show the influence of age and other factors on the duration of accident-related sick leave. Thus, the days off work among the Belgium working population were studied over the period [2001] [2002] [2003] , finding that, except for the group of 60-69 years old, the time off work increased as their age increased. Likewise, a lengthier duration of sick leave was associated with construction activity, blue collar workers, and a smaller size of firm [6] .
Centering on the construction sector, the authors of various studies have attempted to relate age with other variables and circumstances. Thus, it was found that the average age of workers injured in construction work in the USA was 37.2 years, as against those registered for accidents due to falls that amounted to 38.3 in 1990-2001 [7] . With regard to fatal falls involving construction workers, it was found that the youngest workers suffered lower percentages of falls than the oldest workers. However, after introducing a new risk factor, ethnic origin, they found that Hispanic workers aged between 16 and 24 registered 18.3% of all fatal falls, while non-Hispanic white workers of that same age range suffered 6.5% and in all construction work, 10.1% [8] .
In another study, Chau et al. [9] concluded that ages of over 30 years were correlated with hospitalization and lengthier periods of sick leave. Differences were also observed in relation to the injury. Thus, following the analysis of 136,000 injuries to construction workers, it was found that workers over 35 years old had a higher risk of injuries to their knees and shoulders, while the cuts and wounds of those under 35 years stood out [10] . Older workers were found not to be at increased risk of a fall injury but were more likely to be hospitalized after injury than younger workers [11] .
In other words, the older age of workers can have consequences for the accident rates in all productive sectors and, particularly, in the construction sector. Therefore, we consider it necessary to deepen the investigation into the influence that the advanced age of the workforce is having and will have in the future on the occupational accident rates of a country.
With regard to working hours and fatigue, other authors have sought to demonstrate the relation between fatigue and errors at work, in some cases going so far as to demonstrate the existence of a linear relation between those two variables [12] .
In relation to the hour of the accident and the accumulation of fatigue throughout the day, the highest accidentrelated ratios in the construction industry of Oregon were found to occur in the 3rd and the 4th hour of the working day [13] . Moreover, in another study, Goldenhar [14] reported that a number of workers in his study established a direct relation between working overtime and their personal experiences with occupational injuries. Other authors studied the hour of the accident as a partial aspect of their investigations into accidents due to certain causes. Thus, when analyzing fatal falls in the construction industry of the United States of America, it was determined that 76% took place between 6:00 am and 5:00 pm [15] . Analyzing nonfatal falls in the state of Virginia, it was found that 85% of all injuries due to falls took place between 8:00 am and 4:00 pm [16] . With regard to blows, the most frequent times were 9:00 and 13:00 hours [17] . A greater number of injuries and deaths from electric shocks occurred occurring at 10:00 am, were less frequent at lunch time, and then increased spectacularly, only to diminish in the late afternoon [18] .
This question has also been studied in other countries. Thus, in Portugal, the time band with the highest accident rates was found to be between 8:00 to 12:00 hours [19] . Likewise, it was found that most injuries in Australia were inflicted in the morning hours rather than in the afternoon on all working days of the week [20] . In both Sweden and Denmark, an analysis of falls to another level involving construction workers concluded that the highest number of falls took place before 13:00 hours. However, surprisingly, the highest number of fatal falls took place in the afternoon [21] .
However, the relation that may exist between the hour of the day and the age of the injured worker has yet to be investigated. In this study, we shall investigate the possible influence of the age of the worker on the accumulated fatigue both during the working day and throughout the week, i.e., normal accumulation of fatigue from Monday to Friday. We hypothesize that the accumulation of fatigue, during both the working day and the working week, will have negative repercussions to a greater extent on older workers than on younger workers.
In addition, three variables will be analyzed of evident importance in accident rates in the construction sector: the age of the injured worker, days off work due to injury, and the severity of the accident. Their evolution and the relation between them will be studied, through an analysis of the accidents in the Spanish construction sector over the period 1996-2015.
Materials and Methods

Data Collection.
All occupational accidents in Spain that, as a consequence of injury, involve an absence from work equal to or more than one day must be reported to the Labor Authority (MEySS, Ministerio de Empleo y Seguridad Social). In addition, taking into account the fact that the daily sick benefit paid out to a worker is notably higher when the accident is ascribed to work, we can assume that almost 100% of all accidents are notified to the authorities in Spain.
We can therefore be certain that practically all accidents in Spain that involve salaried constructions workers over the period 1996-2015 were included in the study. The number of accidents under analysis amounted to three million fourhundred and thirty-eight thousand, one hundred and fortyfive (3, 438, 145) . Relapses from earlier accidents (102,096 cases) were excluded from the study, as well as those accidents, which due to lack of information, specified 0 days of absence from work (6,492 cases), and due to its exceptionality, those involving workers aged over 66 years (2,139 cases), as the ordinary retirement age in Spain, in 2015, was approximately 65 years and three months.
In Spain, medical staff is responsible for the diagnosis of the severity of accidents [22] under subjective criteria. Labor inspection provides the Instruction 104/2001 of the General Directorate of the Labor and Social Security Inspectorate [23] by which the ILO takes into account the application of its penalties [24] ; in section 2.3.1.g, it is established that severe injuries will be considered "those which may cause the worker motivational damage that could potentially imply a declaration of permanent disability (total or absolute), or injuries, mutilations, or definite deformities (even in case of not being invalidating), whenever the anatomical or functional losses are severe". From among the accidents under analysis, three million, three-hundred and eighty-five thousand, two hundred and twenty-eight accidents (98.46%) were registered as minor accidents, while fifty-two thousand, nine hundred and seventeen were registered as severe and fatal (1.54%).
Study Design.
Obtaining all the information on the total of all accidents and knowing the severity assigned to each one, we shall attempt to establish the possible relation between the severity of the accidents, the number of days off work due to the injury, and the age of the injured worker.
Thus, in this study, we propose to test the following hypothesis.
Hypothesis 1.
The age of the injured worker will be directly related to the severity of the accident. In other words, an older age will imply greater accident-related severity.
Hypothesis 2. The age of the worker involved in the accident will be directly related to the duration of the accident-related sick leave. An older age of the worker involved in the accident will imply a longer period of days of work due to the injury.
The accumulated fatigue in a working day and throughout the week will not affect all workers equally, but will affect the older workers with greater intensity. Therefore: Hypothesis 3. Workers involved in accidents that occur in the afternoon have a higher average age and, in consequence, the accidents will be of greater severity and will be followed by a higher average number of days off work due to the injury than those registered in accidents in the morning hours Hypothesis 4. Workers involved in accidents on Fridays will be associated with those of an older average and, in consequence, will imply a greater severity and will involve higher average numbers of days off work due to the injury than those recorded on Mondays, Tuesdays, Wednesdays, and Thursdays.
Statistical Analysis.
Determination of the differences between independent means in the statistical analyses of accident severity, age of the injured worker, and days off work due to the injury was done with the Student t-test. Equality of variance was not assumed, calculating the upper and lower confidence intervals from those differences at a confidence level of 95%.
When it was necessary to compare a discrete and another continuous variable, single-factor ANOVAS were used, calculating the intervals of confidence for the average at a confidence level of 95%.
The percentages of severe accidents in each group were calculated for the treatment of severity as follows: the severe plus the fatal accidents were divided by the total of all accidents and then the result was multiplied by 100.
The Percent Differences method was employed to compare the resulting percentages, by calculating the Z value and the p-value of the intervals with
(1)
The study was also done, considering the distributions of frequency of the severity as a continuous variable; to do so, a value of 0 was assigned to minor accidents and a value of 1 to severe and fatal accidents (S+F). Subsequently, the Student t-test of differences of independent means was completed.
All the analyses were done using the SPSS v23 statistical software package.
Results and Discussion
In Table 1 , the evolution of the Spanish construction sector and its descriptive statistics may be observed over the period 1996-2015.
We may highlight, in the first place, the notable reduction recorded for the total number of accidents, as well as severe and fatal ones. It should be recalled that this decrease is, in the first place, fundamentally due to the significant economic crisis that Spain has and is still weathering since 2008. This crisis has had the most intense impact of all on the construction sector.
Another aspect to highlight is that the number of Severe+Fatal accidents has shown a similar trend to the one registered by minor accidents. However, the same did not happen over the period [2002] [2003] , when the number of severe and fatal accidents increased while the total number of accidents diminished. We may infer that the number of severe accidents will not always have a direct relation with the number of minor accidents.
We can see from Figure 1 , with its two ordinate axes, that the Incident Rate curve (accidents per 100 workers) does not follow the same curve as the number of accidents. Thus, in the first years of the study, both the number of accidents and the accident rate increased each year. However, as from 2001, a constant reduction took place in rates, notwithstanding the increasing number of accidents. Efforts invested in safety at work appear to have yielded positive results. On a negative note, we can highlight the increase experienced in the incidence rate over the past two years, while noting the need to investigate the causes that provoked such an increase.
In what follows, the results are detailed from the analysis of the variables: age, accident severity, and number of days off work due to the injury, with a view to testing the proposed hypothesis (see Section 2.2). Figure 2 , the average numbers of workers involved in severe or fatal accidents may be seen alongside the average age of workers involved in minor accidents. We found that the average age of the workers involved in severe-fatal accidents over the twenty years under analysis was higher than those registered by workers involved in minor accidents. That average difference was 3.2 years, registering the highest difference in 2013 (4.1) and the lowest one in 2015 (2.8).
Establishing age bands, it may be seen in Figure 3 that, in effect, differences were evident between the percentage of Severe+Fatal accidents inflicted on the youngest workers (group of 16-24 years old) and all other workers. These differences presented statistical significance. Thus, a difference of 0.15% (t: -9.519; CL 95% of the difference: lower -0.19%, upper -0.12%) was registered for the age group of 16-24 years old and the age group of 25-34 years old; a difference of 0.54% (t: -29.202; CL 95% of the difference: lower -0.58%, upper -0.51%) was registered for the age group of 35-44 years old; a difference of 1.12% (t: -43.604; CL 95% of the difference: lower -1.07%, upper -0.98%) for the age group of 45-54 years old; and finally, the difference was 1.45% (t: -40.835; CL 95% of the difference: lower -1.52%, upper -1.38%) for the oldest age group.
The proposal in the first hypothesis appears to be upheld: the age of the worker is directly related to the accident: the older the worker, the greater the severity of the accident. Figure 4 , it may be seen that the days off work due to the injury increased at a constant rate with age, only interrupted over recent years. The results shown in Table 2 were obtained for the single-factor ANOVA of the average number of days lost due to the injury at each specific age from 16 to 66 years (a total of 50 degrees of freedom).
Hypothesis 2: Age and Number of Days off Work due to the Injury. In
Determining the average number of days off work due to the injury by age bands, it is seen in Table 3 , that, in effect, significant differences occur between the average number of days off work in the different age bands. It may be seen that the average number of days off work increases in each age band, passing from an average number of 19.12 days off work among the youngest workers to 32.91 days off work following accidents involving the oldest workers.
In the same table, it is seen that the average number of days off work due to the injury also increases with age for severe and fatal accidents. We therefore concluded that the average number of days lost following accidents involving young workers, regardless of their severity, was significantly lower than those registered among older workers, as proposed in our Hypothesis 2.
We saw that the average age of workers involved in minor accidents was significantly lower than the average age of workers involved in severe or fatal accidents. We also confirmed significant differences between the average number of days lost following minor accidents and days lost following severe and fatal accidents; it was demonstrated that fewer days were lost following accidents involving younger workers than days lost following accidents involving older workers.
Age and Accumulation of Fatigue.
In the following section, we seek to test Hypothesis 3 and Hypothesis 4 on the influence of accumulated fatigue, during both the working day and the working week, on accident rates. In other words, we wish to know whether the accumulation of fatigue will affect all workers equally, regardless of age.
To do so, we verified the values of the following variables: severity, days off work due to injury, and age of the worker in relation to accidents in the morning hours and compared them with the values of the same variables in the afternoon hours. Finally, we compared the values of the same variables in relation to accidents on different days of the week.
Hypothesis 3: Morning and Afternoon
Hours. In all, 3,088,376 accidents were selected for this study, which occurred in what we consider a normal working day: between 08:00 in the morning to 19:00 in the afternoon. In Spain, the majority of construction firms start their work between 08:00 and 09:00 hours. They stop for lunch between 13:00 and 14:00 hours in the afternoon and return to work between 15:00 and 16:00 hours in the afternoon. The working day ends, in general, between 18:00 and 19:00 hours. In all, 349,769 accidents were therefore eliminated, which occurred at 14:00 hours, when the majority of construction workers are resting for lunch, and those that occurred between 20:00 hours and 07:00 hours. The aim is to exclude high-risk situations caused by night shifts or excessive working hours (overtime). Likewise, the accidents were classified into morning hours (from 08:00 to 13:00 hours) and afternoon hours (from 15:00 to 19:00 hours).
Practically speaking, we consider that the same construction workers will work on both the morning and the afternoon shifts and that the activities that they perform are neither dependent on the morning nor the afternoon shift. In consequence, if no consideration is given to the accumulated fatigue at work, we understand that there should be no significant differences in the average age of the workers injured in accidents in both the morning and afternoon, and neither should there be differences in the days off work due to the injury, nor in the severity of the accident.
We can see from Table 4 that the number of accidents in the morning hours was always very much higher than those notified in the afternoon hours, but the afternoon accidents involved more days off work. In addition, the percentage of severe and fatal accidents in the afternoon (1.89%) was also higher than in the morning (1.30%), presenting significant differences (t: -36.159; CL 95% of the difference: lower -0.62%, upper -0.56%)
In addition, this higher percentage of severe and fatal accidents was registered in all the years under analysis. Thus, the highest percentages, both in the morning and in the afternoon hours, were registered in 1996 (morning: 1.67%; afternoon: 2.44%) and the lowest in 2009 (morning: 1.06%; afternoon: 1.48%).
The average age of workers involved in accidents in the morning hours (35.26 years) was also lower than the average age of workers involved in accidents in the afternoon hours (35.54) and that difference was also significant (t: -19.910; CL 95% of the difference: lower -0.309, upper -0.254).
Also, as mentioned, there were a higher average number of days off work due to the injury following the accident when it occurred in the afternoon (25.01 days) than when it took place in the morning (23.23 days) being the difference statistically significant (t: -40.149; CL 95% of the difference: lower -1.858, upper -1.685).
It therefore appears to be confirmed that the accidents in the afternoon were more severe and involved more days off work than those that occurred in the morning. Below, we can appreciate the significance of those differences for all age bands.
Analyzing Table 5 , we can see that both the accident rates in the morning and in the afternoon include increasingly high percentages of severe accidents as the age of the injured worker increases, as in previous sections. It demonstrates that the age of the worker continues to act as a risk factor in the sector-related accident rates. But, in addition, a further risk factor is observed as the working day advances, perhaps due Source. Prepared by the authors using the anonymous data on occupational accidents provided by the Subdirección General de Estadística of the Ministerio de Empleo y Seguridad Social. Source. Prepared by the authors using the anonymous data on occupational accidents provided by the Subdirección General de Estadística of the Ministerio de Empleo y Seguridad Social.
to accumulated fatigue, which should be taken into account, as it affects all age bands. Thus, the percentages of severe and fatal accidents in the afternoon increased considerably in all the age bands in relation to those registered in the morning hours, although that increase was more intense at older ages of the injured worker. Our analysis confirms the suspicion that as the working day advances, possibly due to accumulated fatigue, the accident rates for all workers in the sector are affected, from the youngest to the oldest. However, older workers are affected with greater intensity, which supports the proposal in Hypothesis 3.
Hypothesis 4: Day of the Week.
We can see a situation in Table 6 that we find difficult to explain: there are fewer accidents as the week progresses. In fact, this pattern is evident throughout the 20 years under analysis. Thus, the highest number of accidents was registered on Monday (25.1%), followed by Tuesday (20.5%), Wednesday (19.2%), Thursday (17.0%), and Friday (15.5%). Subsequently, as is logical, there is Saturday (2.1%) and Sunday (0.6%).
We consider that the construction workers on different days of the week hardly vary and that their activities are not dependent on any one day of the week. In consequence, if accumulated fatigue is not considered, we understand that there should be no significant differences between the average age of the workers involved in accidents on Mondays, on Tuesdays, and on any other day of the week.
We can see from Table 7 that the average age of the worker was older and the average number of days off work due to the injury was higher in relation to accidents on Thursdays and Fridays than in relation to accidents registered on Mondays and Tuesdays. With regard to accident severity, we can see from Table 7 that fewer severe and fatal accidents occurred as the week progressed; however, the percentage of severe and fatal accidents followed a contrary process. For every one hundred accidents that occurred on Monday, 1.32 were severe or fatal; 1.46 on Tuesday; 1.54 on Wednesday; 1.68 on Thursday; and 1.69 on Friday. The difference between Monday and Friday presented the following confidence intervals: t: -17.162; CL 95% of the difference: lower -0.411%, upper-0.327%.
Looking at these curious aspects in greater depth, accident rates on Monday and Friday are analyzed below, as the days that represent the highest and the lowest number of accidents in the ordinary working week.
As we can see from Table 7 , the average number of days off work on Mondays stood at 22.83 days, while the average number of days off work following accidents on Fridays was 26.18 days, with the following confidence intervals for the difference of means (t: -54.771; CL 95% of the difference: lower Likewise, the average age of workers involved in accidents on Monday stood at 35.11 years in age and the average age Table 8 , we can see from the accident rates on both Mondays and Fridays that the percentages of severe accidents increased with the age of injured worker. As has been confirmed in preceding sections, that observation demonstrates that workers of older age presented a risk factor in relation to accident severity. But, it was also observed that a further risk factor, to take into account in all age bands, was the progression of working days in the week, possibly due to accumulated fatigue. Thus, the percentages of severe accidents on Fridays increased considerably in all age bands in relation to those registered on Mondays.
Our suspicion that as the week progresses, it has an effect on all workers was confirmed, although the differences were not significant at a confidence level of 95% among workers of an older age.
Conclusions
The average age of the workers involved in severe and fatal accidents in all the years under analysis has been shown to be higher than those accidents registered by workers involved in minor accidents. This difference was statistically significant with an average value of 3.2 years. In consequence, it appears to confirm that the age of the worker injured in an accident is directly related to the severity of the accident: the older the age, the greater the severity.
It has also been confirmed that the average number of days off work following accidents involving young workers was significantly lower than the number of days off work registered for accidents involving older workers. We should attempt to reduce the load of injuries among construction workers, recognizing the vulnerable populations, such as older workers [3] . Likewise, Blanch et al. [25] related the higher number of days lost among older workers with the inherent reduction in corporal elasticity which occurs when aging and with the fact that the injuries could be more severe among older workers.
This information should be taken into account by the governments of those countries that are "aging" with a view to avoiding increases in accident severity and days lost which we know will continue to increase, year on year, as the age of the workers increase.
Moreover, many authors have sought to relate fatigue and accident rates in the construction sector. Thus, the relation between working hours and safety were examined, to show that the factors relating to fatigue had an adverse effect on worker safety [26] . The dangers of fatigue, studies by Folkard and Tucker [27] , indicated that human error as a result of fatigue is the most dangerous. In construction, as stated in the Introduction [12] , a critical level of fatigue has been calculated, at which point its influence on safety practices starts to be significant, and a linear relation has even been established between levels of fatigue and the error rate.
In this study, our suspicion that the progression of the working day and perhaps the accumulation of fatigue would somehow affect the accident rates of all workers in the sector, from the youngest to the oldest, has been confirmed. However, it has been shown that the most affected were the oldest workers.
The "Monday effect" was defined by Card and McCall [28] and has been confirmed, in so far as if the workers were covered by health insurance, then their accidents were more numerous on Mondays. The demonstration of the existence of moral risk in the accidents that occurred on this day has been shown through graphic images of back injuries with burns and cuts. The first, which can be notified even after one or two days, registered a significant increase on Mondays. The second, in contrast, registered the highest number on Thursdays.
However, a further risk factor to take into account is the progression of the week, possibly due to an accumulation of fatigue, as it affects all age bands. Thus, the percentages of severe accidents on Fridays increased considerably in all the age bands in relation to those registered on Mondays.
This analysis confirms the suspicion that the progression of the week affects all workers, although the differences were not significant to 95% among the older workers. Continuous training activities should be programmed on risk-prevention topics, and perhaps most important of all, there should be a specific intervention in the redesign of jobs, above all in physically and psychologically demanding contexts [25] .
This analysis of accidents should be complemented by other similar studies in other countries. In addition, riskprevention measures should be analyzed among older workers which will permit reductions in the incidence of accident severity in this group of workers. We consider that these studies should be of utility to risk-prevention managers organizing on-site risk prevention in their fight against the high levels of accident rates notified in the construction sector.
Impact on the Industry.
In this study, it has been confirmed that the severity and the duration of the accidentrelated sick leave are directly related to age, in jobs with significant physical (efforts) requirements. This information should be considered by the governments of those countries that have "aging" populations, with the objective of preventing any further increase in accident severity and days off work due to the injury following accidents, which as we know will rise year by year as the workers grow older.
This study also confirms that as the working day and week progress, perhaps due to the accumulated fatigue effect that is expended, it affects the accident rates in the sector among all workers, although with greater intensity among older workers; we consider that training courses should be programmed in accident prevention and that the jobs should be redesigned in accordance with the age of the worker, above all in demanding physical contexts. We also consider it convenient and very necessary to raise the awareness of entrepreneurs and risk-prevention managers; it will become essential in the near future to train construction workers of all ages (especially older workers), in ergonomic aspects, with the objective of reducing injuries that are a consequence of posture-related and physical effort that lead to an accumulation of fatigue that are, in turn, a cause of higher accident rates.
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